Mining activities are one of the numerous ways by which man impacts on his environment. In this study, two non-destructive analytical techniques (XRF and XRD) were employed in the mineralogical characterization of Columbite-Tin ore and their contaminated soils. This investigates associated unnoticed minerals as well as the impact of mining on vicinity farmland soils on the Yelwa-Mbar mining site, Nigeria. The chemical characterization of Columbite ore using electron dispersive XRF revealed that most of the Columbite mineral deposits in the Plateau mining sites contain Niobium mineral in various proportions and vary from deposit to deposit depending on the geochemical composition of the minerals that formed the parent rock. Tin content as determined by ED-XRF impart that the ore can be utilized directly in the furnace because of its high cassiterite content (85.43%). The percentage elemental composition of soil around the mining vicinity unveiled the presence of Radionuclides K-40, Rubidium and Thorium in the soil. This is of great concern. The XRD mineralogical investigation of Columbite shows the presence of associated braunite, cassiterite, ilmenite, quartz, and zircon while the phase pattern for Tin ore confirmed the availability of cassiterite, magnetite and litharge. Pollution status based on contamination factor and geo-accumulation indices gave both radionuclides and heavy metal concentrations that depicts moderate to extreme contaminations.
Introduction
One of the ways by which man impacts on his environment (both natural and built) is through mining activities [1] . Mining in Nigeria started as far back as the eighteenth century. Over 500 occurrences and deposits of over different minerals are known so far to exist within the country with the exploration of some of them being on a small scale [2] . The mining industry generates wastes which contain high concentrations of metals and metalloids which contaminates agricultural soils, air and water. These pollutants can be mobilized, resulting in leaching into ground and surface water.
Most of these heavy metals are highly toxic and are not biodegradable [3] .
In Jos, Plateau State, Tin and allied metals mining started about 1902. Within this span of time the tin fields have been subjected to a process of unregulated mining activity, thereby devastate and depleted agricultural lands by intensive and extensive mechanized mining activities [4] . The early tin miners often overlooked the minerals of Niobium and Tantalum or had a great difficulty in separating them from the tin.
Consequently, all cassiterite concentrates were contaminated with columbite-tantalite [4] .
The contamination of agricultural soils and depletion of the environment as a result of 
Physicochemical parameters of soil
Physiochemical parameters of the soil samples, including pH, conductivity and bulk density were carried out using documented standard laboratory procedures [7] . (1):
Ore characterization
Analytical results were subjected to prescribed pollution indices. Contamination factor (CF) is channeled towards deriving a realistic estimate of the amount of contamination that impacts on the soil [10] .
Modified degree of contamination (mCd) is used to calculate the degree of contamination of metals in soils [11] . It is given as Eqn. (2). is a constant with value 0.9, λ is the wavelength of X-ray (1.540598), β is full width at half maximum and θ is the differential angle [12] . processes [14] . This result shows that pH of both sides was within the acidic range.
Results and discussion

Physical inspection of samples
Slightly higher value for the analytical soil sample could be linked to mining activities.
Bulk density:
The density of the control sample (1.246 g/cm 3 ) is lower compared to that of the analytical soil sample estimated at 1.30 g/cm 3 . This could result from repeated traffic of wheeled mining machineries (loaders and haulers) forming compacted zones in the mining dumps.
Report [15] shows that these values were slightly higher in clay soil. Generally, the bulk density of productive natural soils is 1.1 g/cm 3 . High bulk density limits rooting depth in mine soils [16] .
Conductivity:
The mean conductivity value of the analytical soil sample (0.07 /cm) and a control sample (0.05 /cm) are generally llow. This may be linked to low level electrical potential in soils; clays and other water saturated and unsaturated sediments, few ionic layers, electro filtration, pH difference and electro osmosis [17] . Figure 3 shows the morphological characteristics of the particles in the columbite and tin ores determined by SEM technique.
SEM characterization of mineral ore
The surface morphology of the Tin and Columbite ores were examined using the scanning electron microscopy. It was earlier reported that cassiterite is the main ore mineral of tin occurring in the quartz veins of the plateau mining sites [18] .
Investigating the surface morphology of the ore sample revealed a compact interlocking of these minerals within the irregular crystal aggregate of the ore sample. [19] . SEM assist in ore characterization and predictive metallurgy [18] .
FTIR spectral characteristics
Spectral profile characteristics of each mineral samples ( Figure 4 ) and their interpretation (Table 2) were presented.
(A) (B) [20] . From This result also indicated that the ore cannot be utilized directly because of its low Niobium content unless it is beneficiated to meet metallurgical required grade. Thorium has a long half-life of 0.4×10 10 years. It is used for making ceramics, welding rods, camera and telescope lenses, fire brick, heat resistant paint, and metals used in the aerospace industry as well as a nuclear fuel [24] . It is evidence that breathing in thorium dust increases the risk of lungs and pancreatic cancer. Exposure to it also causes bone cancer because thorium can be stored in bone [25] .
X-ray fluorescence characterization of tin ore
The result of the chemical analysis of the tin ore sample using ED -XRF as presented in concentrations or above certain threshold levels [28] . In the aquatic environment, these metallic elements or oxides gets into the streams through runoff of agricultural soils around mining sites existing in a number of different chemical forms (species), distributed between sediments and the solutions [29] . Tables 5 present the crystallographic parameters of associated minerals and compounds in Columbite ore. Analysis was performed using X-ray diffraction technique. The diffractograms for compounds with Columbite ore are presented in Figure 5 .
XRD characterization of columbite-tin mineral
Mineralogy of columbite ore
The main minerals found in the Columbite sample were Braunite, Cassiterite, Ilmenite, Quartz, and Zircon. Each of these compounds has a phase information from the XRD pattern as shown in Figure 5 and beyond that due to instrumental factors is generally attributed to crystallite size effects [30] .
Braunite in columbite
This study revealed that the 2 values of 32.982 and 55.317 shows high intensities (Table 6) , and this is attributed to crystallite 
Cassiterite in columbite
The support [33] .
Ilmenite in columbite
The chemical analysis of the Ilmenite in About 6% is used to manufacture titanium metal, a light, strong, corrosion-resistant metal used in aircraft, spacecraft and medical prostheses. Its application in the process of fine grain materials aggregation or pelletizing cannot be over emphasized [34] .
Quartz in columbite
Quartz has also revealed a single high intensity 
Zircon in columbite
The [6] . Table 7 presents the level of contamination at the mine-site and the control site soil while 
Pollution study
Conclusion
The 
